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Refinement 

R[F 2 > 2a(F 2 )} = 0.056 

wR(F 2 ) = 0.172 

S = 1.02 

8341 reflections 



496 parameters 

H-atom parameters constrained 
A,£W = 0.39 e A~ 3 
A/w = -°- 28 e A ~ 3 
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Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.003 A; 
R factor = 0.056; wR factor = 0.172; data-to-parameter ratio = 16.8. 

In the title compound, CsiHs6B 2 N 2 , a substituted Troger's 
base, the dihedral angle between the two benzene rings 
constituting the Troger's base framework is 104.42 (6)°. The 
crystal structure is stabilized by C— H- ■ -it and weak C— 
H- • -N interactions. 



Table 1 

Hydrogen-bond geometry (A, °). 



Cg7 and Cg8 are the centroids of the C34-C37/C39/C40 and C43/C44/C46/C47/ 
C49/C50 rings, respectively. 



D-H-A 


D-H 


H--A 


D-A 


D-H-A 


C14-H14C- ■ -N2' 


0.96 


2.64 


3.448 (3) 


141 


Cl5-H15A---CgT 


0.93 


2.94 


3.844 (2) 


166 


C38-H40/J- ■ -Cg8 m 


0.97 


3.00 


3.751 (3) 


136 


Symmetry codes: (i) x, y - 


h l,z; (ii) -x- 


hl,-v + l,- 


-z; (iii) —x + 1, — y, 


-z + 1. 



Related literature 

For the original Troger's base, see: Troger (1887). For the 
chemistry of Troger's base, see: Valik et al. (2005); Dolensky et 
al. (2007); Sergeyev (2009). For optoelectric applications of 
Troger's base, see: Yuan et al. (2011); Xin et al. (2008); Yuan et 
al. (2007). For applications of organic boron compounds with 
dimesitylboryl groups in organic optoelectronics, see: Shirota 
& Noda (1998); Zhao et al. (2006); Collings et al. (2009); Jakle 
(2010). 




Experimental 

Crystal data 

C5|H 56 B 2 N 2 
M r = 718.60 
Triclinic, PI 
a = 9.3565 (3) A 
b = 14.0077 (6) A 
c = 16.3650 (6) A 



a = 86.079 (3)° 
P = 83.808 (3)° 

Y = 88.377 (3)° 

V = 2126.87 (14) A 3 
Z = 2 

Mo Ka radiation 



Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis CCD; data reduction: CrysAlis RED (Oxford 
Diffraction, 2009); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTE (Sheldrick, 2008); 
software used to prepare material for publication: SHEEXTL. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZS2166). 
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2,8-Dimesitylboranyl-6//,12//-5,ll-methanodibenzo[6/|[l,5]diazocine 
C.-X. Yuan 

Comment 

Troger's base (TB) (Troger, 1887), an old compound with more than 100 years' history, has gained current interest because 
of its C2 symmetry, chirality, and rigid concave shape (Valik et al, 2005; Dolensky et al, 2007; Sergeyev et al, 2009). 
Our previous research showed that its special lambda (A)-shaped configuration is disadvantageous to formation of n-n 
close stacking, resulting in high solid state fluorescence in organic compounds based on TB (Yuan et al, 2007; Xin et al, 
2008; Yuan et al. , 20 1 1). In addition, organic boron compounds with dimesitylboryl groups exhibit interesting optoelectronic 
properties (Shirota & Noda, 1998; Zhao et al, 2006; Collings et al, 2009; Jakle et al, 2010). In our research in searching for 
new optoelectronic materials based on TB, the title compound was designed and synthesized. Here, we report the synthesis 
and crystal structure of the title compound C51H56B2N2 (I). 

In the racemic title compound (Fig. 1), the dihedral angle between the two benzene rings constituting the TB framework 
is 104.42 (6)°, which lies within the normal range for analogs of TB (Dolensky et al, 2007). The packing structure of (I) 
(Fig. 2) shows that molecules with the same chirality point in the same direction, while molecules with different chirality 
point in the opposite direction. The isomers stack alternately, forming an infinite three-dimensional network by means 
of noncovalent intermolecular C — H--jt interactions between adjacent different chirality molecules and weak C — H - N 
interactions between adjacent same chirality molecules (Table 1). As expected, there are no obvious intermolecular n—n 
interactions in the crystal structure. 

Experimental 

The reaction scheme for the synthesis of the title compound is shown in Fig. 3. n-Butyllithium (1.6 M in hexane, 1.86 ml) 
was added slowly to a solution of 2,8-dibromo-6//,12//-5,ll-methanodibenzo[Z>/|[l,5]\ diazocine (1.243 mmol, 0.472 g) 
in anhydrous THF (20 ml) under nitrogen at -78 °C, and followed by stirring for a further 1.5 h. Dimesitylboron fluoride 
(3.729 mmol, 1 g in 5 ml THF) was then added dropwise to the reaction mixture and the reaction mixture was kept at -78 °C 
for another 1 h, then allowed to naturally rise to room temperature overnight. Water (20 ml) was added and the mixture was 
extracted with CH2CI2 three times and the organic phase was dried over anhydrous MgSCV After removing all solvents, 
the residue was purified by silica gel column chromatography with petroleum ether/EtOAc (10:1) as the eluent to yield the 
product as a white powder (0.58 g, 65%). The colorless prismatic single-crystal of compound (I) suitable for X-ray analysis 
was obtained by slow evaporation of its dichloromethane-petroleum ether solution. 

^NMR (300 MHz, CDCI3), 5 (ppm): 1.90 (s, 24H), 2.28 (s, 12H), 4.15 (d, 2H, J= 16.5 Hz), 4.37 (s, 2H), 4.64 (d, 2H, 

/= 16.5 Hz), 6.78 (s, 8H), 7.04 (m, 4H), 7.27 (m, 2H). 13 C NMR (75 MHz, CDCI3), 5 (ppm): 20.71, 22.80, 58.77, 66.55, 
123.75, 126.58, 127.63, 135.19, 135.35, 137.94, 140.23, 141.16, 151.39. 
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Refinement 

All H atoms were fixed geometrically and were allowed to ride on their attached atoms, with C — H = 0.93 A (aromatic), 
0.97 (CH2), and 0.96 A (CH3). The U lS0 values were constrained to be 1.5£/ e q(C) of the carrier atom for methyl H atoms 
and 1.2(7 e q(C) for the remaining H atoms. 



Figures 




Fig. 1. The molecular structure of the title compound, showing 50% probability displacement 
ellipsoids and the atom-numbering scheme. 



Fig. 2. Packing structure of the title compound viewed down the a axis, showing intermolecu- 
lar C — H- -7I and C — H - N interactions as blue and orange dashed lines, respectively. H atoms 
not involved in C — H— Tt and C — H— N interactions have been omitted for clarity. (S, S)-(l) 
and (R, R)-(T) are colored as green and purple, respectively. 



Fig. 3. Synthetic scheme for the synthesis of (I) 



5-[bis(2,4,6-trimethylphenyl)boranyl]-13-[(2,4,5-trimethylphenyl)(2,4,6- trimethylphenyl)boranyl]-1,9- 
diazatetracyclo[7.7.1.0 2 ' 7 .0 10 ' 15 ]heptadeca- 2,4,6,10 (15),11,13-hexaene 



Crystal data 




C51H56B2N2 


Z = 2 


M r = 718.60 


^(000) = 772 


Triclinic, PI 


D x = 1.122 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 9.3565 (3) A 


Cell parameters from 8341 reflections 


b= 14.0077 (6) A 


6 = 3.2-26° 


c= 16.3650 (6) A 


H = 0.06 mm 1 


a = 86.079 (3)° 


7=293 K 


(3 = 83.808 (3)° 


Prism, colourless 


y = 88.377 (3)° 


0.65 x 0.41 x 0.22 mm 


V= 2126.87 (14) A 3 





Data collection 

Oxford Diffraction Xcalibur Eos Gemini CCD 
diffractometer 

Radiation source: fine- focus sealed tube 



8341 independent reflections 
6172 reflections with I > 2a(I) 
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graphite Rmt = 0.026 

co scans 8 max = 26.0°, 9 m i n = 3.2° 

Absorption correction: multi-scan _ _ 

(CrysAlis PRO; Oxford Diffraction, 2009) 

r min = 0.858, r max = l.ooo k = -\i^\i 

25278 measured reflections / = -20— >20 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.056 
wR(F 2 ) = 0.172 
S= 1.02 

8341 reflections 
496 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0817P) 2 + 0.8104P] 

where P = (F D 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap ma x = 0.39eA" 3 

Ap m in = -0.28 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Nl 


0.51726 (17) 


0.23628 (12) 


-0.05204 (10) 


0.0431 (4) 


N2 


0.68504 (18) 


0.10503 (11) 


-0.07519 (10) 


0.0423 (4) 


B2 


0.7203 (2) 


0.04164 (15) 


0.27696 (14) 


0.0393 (5) 


Bl 


0.9474 (2) 


0.51197(16) 


-0.18209 (13) 


0.0392 (5) 


CI 


0.5453 (2) 


0.14646 (15) 


-0.09129 (13) 


0.0506 (5) 


H1A 


0.5426 


0.1577 


-0.1503 


0.061* 


H1B 


0.4707 


0.1016 


-0.0708 


0.061* 


C2 


0.7951 (2) 


0.16395 (13) 


-0.12414(12) 


0.0429 (5) 


H2A 


0.7995 


0.1494 


-0.1815 


0.052* 


H2B 


0.8882 


0.1483 


-0.1053 


0.052* 


C3 


0.7623 (2) 


0.26997 (13) 


-0.11699 (11) 


0.0364 (4) 


C4 


0.63185 (19) 


0.30059 (13) 


-0.07553 (11) 


0.0366 (4) 
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A A 1 11 / 1 T\ 

0.0123 (12) 


A AA*7A /1 A^ 

0.0070 (10) 


C47 


0.0513(13) 


0.0804(18) 


0.0567 (14) 


0.0226 (12) 


0.0073 (11) 


0.0202 (13) 


C48 


0.089 (2) 


0.115(3) 


0.127 (3) 


0.052 (2) 


-0.010(2) 


0.027 (2) 


C49 


0.0398 (12) 


0.0920 (19) 


0.0499(13) 


0.0043 (12) 


-0.0058 (10) 


0.0127(12) 


C50 


0.0401 (11) 


0.0653 (14) 


0.0376 (10) 


-0.0018(10) 


-0.0021 (9) 


0.0030 (9) 


C51 


0.0590 (14) 


0.0805 (17) 


0.0607 (15) 


-0.0077 (13) 


-0.0188(12) 


-0.0125(13) 



Geometric parameters (A, °) 



Nl — C4 


1.424 (2) 


C23 — H23C 


0.9600 


Nl — CI 


1.456 (3) 


C24 — C25 


1.396 (3) 


Nl— C27 


1.474 (2) 


C24— H24A 


0.9300 


N2 — C29 


1.422 (2) 


C25 — C26 


1.504 (3) 


N2 — CI 


1.458 (3) 


C26 — H26A 


0.9600 


N2 — C2 


1.470 (2) 


C26 — H26B 


0.9600 


B2— C32 


1.567 (3) 


C26— H26C 


0.9600 


B2 — C43 


1.587 (3) 


C27 — C28 


1.518 (3) 


B2 — C34 


1.586 (3) 


C27 — H27A 


0.9700 


Bl — C7 


1.558 (3) 


C27 — H27B 


0.9700 


Bl — C9 


1.584 (3) 


C28 — C33 


1.388 (3) 


Bl — C18 


1.593 (3) 


C28 — C29 


1 .402 (3) 


CI — H1A 


0.9700 


C29 — C30 


1.395 (3) 


CI — H1B 


0.9700 


C30 — C31 


1 374 (3) 


C2— C3 


1.518(2) 


C30— H30A 


0.9300 


C2 — H2A 


0.9700 


C31— C32 


1.403 (3) 


C2— H2B 


0.9700 


C31— H31A 


0.9300 


C3— C8 


1.388 (3) 


C32— C33 


1.401 (3) 


C3— C4 


1.402 (3) 


C33— H33A 


0.9300 


C4— C5 


1.390 (3) 


C34— C35 


1.405 (3) 


C5— C6 


1.369 (3) 


C34— C40 


1.415 (3) 


C5 — H5A 


0.9300 


C35— C36 


1.389 (3) 


C6— C7 


1.410 (3) 


C35— C42 


1.512 (3) 


C6 — H6A 


0.9300 


C42— H37A 


0.9600 


C7— C8 


1.398 (3) 


C42— H37B 


0.9600 


C8— H8A 


0.9300 


C42— H37C 


0.9600 


C9— C10 


1.408 (3) 


C36— C37 


1.379 (3) 


C9— C16 


1.415 (3) 


C36— H38A 


0.9300 


C10— C12 


1.389 (3) 


C37— C39 


1.375 (4) 


C10— Cll 


1.509 (3) 


C37— C38 


1.512 (3) 


Cll— H11A 


0.9600 


C38— H40A 


0.9600 


Cll— HUB 


0.9600 


C38— H40B 


0.9600 


Cll— H11C 


0.9600 


C38— H40C 


0.9600 


C12— C13 


1.386 (3) 


C39— C40 


1.387 (3) 
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C22 — C23 
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C30— C29— C28 


119.17 (17) 


C30— C29— N2 


119.18(16) 


C28— C29— N2 


121.60(17) 


C31— C30— C29 


120.74 (17) 


C31— C30— H30A 


119.6 


C29— C30— H30A 


119.6 
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pi po tjo a 
C3 — Co — HoA 


1 1 O A 

no.4 


PI PO TJO A 

C / — Co — HoA 


1 1 O A 

no.4 


pi n (~"Q r*~\ £. 

c i u — cy — c i o 


I 1 "7 A 1 (\ H \ 

I I /.43 (1 1) 


pin d 1 
CIU — CV — Bl 


ni m n i \ 
121. 2U (1 /) 


cio — cy — Bi 


111 1 AC /1 c\ 

121.30 (lo) 


pin pn 

ciz — ciu — cy 


1 1 n nn /1 n\ 

ny.yy (iy) 


pn pm pi i 
CI 2 — CIU — CI 1 


1 1 O CI /1 0\ 

118.J / (lo) 


pn p 1 n p 1 1 

cy — c i u — c 1 1 


111 A A / 1 O \ 

121.44 (lo) 


pm pii ui i a 
CIU — CI 1 — HI 1A 


1 nn £ 

iuy.5 


pm pii ui id 
CIU — CI 1 — HI IB 


1 nn a: 

iuy.5 


HI 1 1 P11 ill 1 n 

H11A — Cll — HUB 


109.5 


P1A P11 m 1 p 

CIU — Cll — HI 1C 


109.5 


UI 1 A P11 U11P 

HI 1 A — Cll — HI 1C 


1 nn £ 

ioy.5 


ui id pii mip 
HI IB — Cll — HI 1C 


1 nn a: 

ioy.5 


p 1 1 pn pm 
CI 3 — Clz — CIU 


111 ci / 1 o \ 
122.51 (lo) 


pii pn tt ii a 
CI 3 — Clz — HlzA 


1 1 O 1 

llo. / 


pm pn tt n a 
CIU — Clz — HlzA 


1 1 O "7 

llo. / 


pi r pn pn 

CIS — CI 3 — Clz 


1111/1 M OA 

11 /.24 (lo) 


PI f P1 1 P| A 

CIS — CI 3 — C14 


111 A /I \ 

121.4 (2) 


pn pii pi a 
Clz — CI 3 — C14 


111 a /1 \ 
121.4 (2) 


p|i p| A TT1 A A 

CI 3 — C14 — H14A 


1 nn a: 

ioy.5 


P|1 P| A TT 1 y| O 

CI 3 — C14 — H14B 


1 nn a: 

ioy.5 


T_T1 A A P1A TJT1/IT3 

H 1 4 A — C 1 4 — H 1 4B 


1 nn a: 

ioy.5 


PIT PI/1 TJ1 Ap 

CI 3 — C14 — H14C 


1 nn c 

ioy.5 


T_T1 A A P1A TJ1/IP 

H 1 4 A — C 1 4 — H 1 4C 


1 nn a: 

ioy.5 


TJ1/1T3 P1A TJ1/IP 

H 1 4B — C 1 4 — H 1 4C 


1 nn c 

ioy.5 


P|1 P 1 C P1A 

C 1 3 — C 1 j — C 1 o 


1 11 A /1\ 

122.4 (2) 


C13— C15— H15A 


118.8 


C16— C15— H15A 


118.8 


C15— C16— C9 


120.22 (18) 


C15— C16— C17 


117.08(19) 


C9— CI 6— C17 


122.68 (18) 


C16— C17— H17A 


109.5 



pm pii pn 
C30 — C3 1 — C32 


111 m { \ h\ 
122.V2 (1 /) 


pin pi 1 ui 1 a 
C30 — C3 1 — H3 1 A 


1 1 n n 

ny.o 


PI 1 PI 1 TT1 1 A 

C32 — C31 — H31A 


1 1 n n 

ny.o 


pii pii pii 
C33 — C32 — C3 1 


1 1 c nc ^1 ~!\ 

iis.ys (i /) 


PII PII D1 

C33 — C32 — B2 


1 in in { 1 1\ 

120. /y (1 /) 


PI 1 PII D1 

C31 — C32 — B2 


111 11 /"I 7A 

I2i.2i (I I) 


r^oo r^n r^n 
C2o — C33 — C32 


1 01 /II ^1 7A 

123.43 (1 I) 


r^oo r^n un a 
C2o — C33 — H33A 


116.3 


PII PII TJ11 A 

C32 — C33 — H33A 


1 1 O 1 

no.3 


pic pi/i P/in 
C35 — C34 — C40 


111 CC M OA 

11 /.55 (lo) 


PIC PI/1 D1 

C35 — C34 — B2 


111 lO ("1 "71 

122.30 (1 /) 


p/in PI A T31 

C40 — C34 — B2 


1 1 n nn /1 o\ 

ny.yy (io) 


P1A PIC PI/1 

C3o — C35 — C34 


1 in 11/1 n\ 

120.1 / (iy) 


P1A PIC P/11 

C3o — C35 — C42 


1111 /1\ 

ll /.3 (2) 


PI/1 PIC P/11 

C34 — C35 — C42 


111 C/1 /10\ 

122.54 (lo) 


PIC P/11 TJII A 

C35 — C42 — H3 /A 


1 nn c 

ioy.5 


pic P/ii Tjrno 
C35 — C42 — H3 /B 


1 nn c 

ioy.5 


Un A P/11 TJ1 113 

H3 /A — C42 — H3 /B 


1 nn c 

ioy.5 


PIC P/11 TJ11P 

C35 — C42 — H3 /C 


1 nn c 

ioy.5 


un A P/11 TJ1 IP 

H3 /A — C42 — H3 /C 


1 nn c 

ioy.5 


uitd p/ii unr 
H3 /B — C42 — H3 /C 


1 nn c 

iuy.5 


pn pia pic 
C3 / — C3o — C35 


1 n i /i\ 
122.2 (2) 


PII P1A TT1 O A 

C3 / — C3o — H3oA 


lion 

iio.y 


PIC P1A TT1 O A 

C35 — C3o — H3oA 


1 1 o n 

iio.y 


pin pn pia 
C3y — C3 / — C3o 


ill/; /i\ 
11 / .0 (2) 


pin pn pio 
C3y — C3 / — C3o 


111 A /1\ 

121.4 (2) 


pit pn pio 
C3o — C3 / — C3o 


111 n /i \ 
121.U (3) 


pn pio Tj/in a 
C3 / — C3o — H40A 


1 nn c 

iuy.5 


pn pio Tj/inD 
C3 / — C3o — H40B 


1 nn c 

iuy.5 


T T /i n A pio iiahd 

H40A — C3o — H40B 


1 nn c 

ioy.5 


pn pio TT/inp 

C3 / — C38 — H40C 


109.5 


TJ/inA pio Tj/inp 

H40A — C3o — H40C 


1 nn c 

ioy.5 


u/inr> pio u/inp 
H40B — C3o — H40C 


1 nn c 

ioy.5 


pn pin p/in 
C3 / — C3y — C40 


1 11 A /1\ 

1 22 .4 (2) 


pn pin Tj/i 1 a 
C3 / — C3y — H41 A 


1 1 o o 

llo.o 


P/ln pin Tj/i 1 a 
C40 — C3y — H4 1 A 


1 1 o o 

llo.o 


pin p/in pi/i 
C3y — C4U — C34 


1 1 n n /i\ 
liy.y (2) 


pin p/in p/11 
C3y — C4U — C4 1 


1 1 O 1 /1\ 

11 0.3 (2) 


pi a p/in p/11 
C34 — C4U — C4 1 


in /;/: / 1 n\ 
121.00 (iy) 


P/in p/11 Tj/ii a 
C4U — C4 1 — H43 A 


1 nn c 

ioy.5 


P/in p/11 Tj/iir> 
C4U — C41 — H43B 


1 nn c 

ioy.5 


TJ/11A P/11 TJ/IIO 

H43A — C41 — H43B 


1 nn c 

ioy.5 


p/in p/11 Tj/iip 
C4U — C41 — H43C 


1 nn c 

ioy.5 


TT/11A P/11 TT/11P 

H43 A — C4 1 — H43C 


109.5 


H43B— C41— H43C 


109.5 


C50— C43— C44 


117.15 (19) 


C50— C43— B2 


121.31 (18) 


C44 C43 B2 


121.53 (17) 


C46 C44 C43 


120.3 (2) 



sup-9 



supplementary materials 



P 1 /: pn 111-70 

Clo — CI / — HI Id 


1 nn c 

iuy.j 


HI /A — CI / — rll Id 


1 nn c 

iuy.j 


Clo — CI / — HI /C 


1 nn c 

iuy.3 


un a pn 1 1 1 -7 p 
HI /A — CI / — HI /C 


1 nn c 

iuy.j 


111-70 pn 1 1 1 0 p 
HI Id — CI / — HI /C 


1 nn c 

iuy.j 


po c pi 0 p 1 n 
Cz j — C 1 0 — C 1 y 


I 1 *7 a c c\ n\ 

II /.4o (iy) 


PI c pio d 1 
CZJ Clo DL 


101 0£ n o\ 
Izl./o (lo) 


Pin pi 0 0 1 

ciy — cio — bi 


1 on 00 /■ 1 n\ 
12U. /O (iy) 


pi 1 pin p 1 0 

Czl — civ — Clo 


1 1 n n /o\ 

ny.y (z) 


pti pm pm 
Cz 1 — C 1 y — CzU 


1100 /o\ 
11 l.O (z) 


p 1 0 p 1 n nn 
C 1 0 — C 1 y — CzU 


1 00 0 /o\ 
Izz.z (Z) 


p 1 n pin 1 nn a 
C 1 y — CzU — HzU A 


1 nn c 

iuy.j 


p 1 n p"»A rnnD 
C 1 y — CzU — HzUB 


1 nn c 

iuy.j 


o on a pin mno 
HzUA — CzU — HzUB 


1 nn c 

iuy.j 


Pin pin mnp 
C 1 y — CzU — HzUC 


1 nn c 

iuy.3 


o on a pin mnp 
HzUA — CzU — HzUC 


1 nn c 

iuy.j 


mnr> pm mnp 
HzUB — CzU — HzUC 


1 nn c 

iuy.j 


poo pi 1 p 1 n 

Czz — Cz 1 — C 1 y 


1 00 c /o\ 
IZZ.J \l) 


POO PO 1 TJ01 A 

CzZ — Czl — H21A 


1100 
llo.o 


pm po 1 1 1 ~> 1 a 
ciy — Czl — HzlA 


1100 

1 lo.o 


PO/1 POO PO 1 

Cz4 — CzZ — Cz 1 


in c /o\ 
11 I.J (Z) 


PO/1 POO POT 

Cz4 — Czz — Cz3 


101 1 (1 \ 
lzl.3 {$) 


PO 1 POO POI 

Cz 1 — CzZ — Cz3 


10 1 1 /"3\ 

121.1 (3) 


PO ■-) POI TJOI A 

CzZ — Cz3 — H23A 


1 nn c 

iuy.D 


POO POI I TTJ D 

CzZ — Cz3 — Hz3r> 


1 nn c 

iuy.j 


TJOI A POI TJOH5 

HziA — Cz3 — HziB 


1 nn c 

iuy.j 


poo poi H?^P 


IU7.J 


H23A — C23 — H23C 


109.5 


H23B — C23 — H23C 


109.5 


C22 — C24 — C25 


122.4 (2) 


C22 — C24 — H24A 


118.8 


C25 — C24 — H24A 


118.8 


P/1 Ml PI MO 

C4 — IN 1 — CI — JNZ 


el n /"0\ 
!)3.y (2J 


PO O XT 1 P 1 MO 

Cz / — IN 1 — CI — JNZ 


01 0 /o\ 

— /l.O (2) 


pon XTO PI XT1 

czy — JNZ — CI — IN 1 


CI 1 /o\ 

j3.3 (2) 


PO XTO PI XT1 

Cz — IN Z — C 1 — IN 1 


OO /I /o\ 

— /Z.4 (2) 


pon xto po pi 
Czy — JNZ — Cz — C3 


00 n /o\ 
— /O.U (Z) 


pi XTO ( ( ' 1 

C 1 — IN Z — Cz — C 3 


AC A /0\ 

4 j. 4 (Z J 


XTO PO PI PO 

JN Z — Cz — C 3 — Co 


1 on cn / 1 /z\ 
1 /U.jy (lo) 


XTO PO PI P A 

JN z — Cz — C 3 — C4 


0 n /o\ 
-7.0 (2) 


PO PI P A PC 

Co — C3 — C4 — CD 


C O (1 \ 

-5.8 (3) 


PO pa p/i pc 

Cz — C J — C4 — C J 


1 71 01 ^1 '7^ 


PO PI P/1 XT 1 

Co — C3 — C4 — JN 1 


1/1. lo (lo) 


PO PT P /I XT 1 

C2 — C3 — C4 — N 1 


-11.2 (3) 


CI— Nl— C4— C5 


165.27 (17) 


C27— Nl— C4— C5 


-73.0 (2) 


CI— Nl— C4— C3 


-11.6 (2) 


C27— Nl— C4— C3 


110.09(19) 


C3— C4— C5— C6 


4.8 (3) 



C4o — C44 — C4j 


1 1 O 1 /o\ 

11 / .3 (Z) 


P/11 p /I /I pi r 

C43 — C44 — C4D 


100 m /"m\ 
1ZZ.3U (iy) 


C44 — C4!> — H4oA 


1 nn c 

iuy.j 


P/1/1 P/1C I I 1 I) 

C44 — C4D — H4or> 


1 nn c 

iuy.j 


TJ/l/^A P/1C I I ,| / T) 

H4oA — C4D — H4or> 


1 nn c 

iuy.j 


P/1/1 P/1C TU/1£P 

C44 — C4j — H4oC 


1 nn c 

iuy.j 


TT/1/TA P/1 C TJ/1/:P 

H4oA — C4j — H4oC 


1 no c 

iuy.j 


1 1 1 /: 0 P/1C Tj/l/:p 

H4or> — C4j — H4oC 


1 no c 

iuy.j 


p/io p /i /- p/i/i 
C4 / — C4o — C44 


1 OO 1 /o\ 

lzz.3 (z) 


An f^AC tj/ioa 
C4 / — C4o — H4 / A 


1 1 0 n 

iio.y 


p/1/1 p /l /- TT/1*7 A 

C44 — C4o — H4 / A 


1 1 0 n 

iio.y 


p /i /- p/io p/in 
C4o — C4 / — C4y 


1100 /o\ 
1 1 l.O (z) 


p /l /- P/IO P/IO 

C4o — C4 / — C4o 


101 n (1 \ 

izi.y (3) 


pi/iri p/io P/io 

C4y — C4 / — C4o 


1 on 1 si\ 
lzU.3 (3) 


P/IO P/IO TT/in A 

C4 / — C4o — H4yA 


1 nn c 

iuy.j 


P/IO P/IO TJ/inT3 

C4 / — C4o — H4yh> 


1 nn c 

iuy.j 


u/inA P/io 1 1 1 ni!> 
H4yA — C4o — H4yh> 


1 nn c 

iuy.j 


p/io P/io rj/inp 
C4 / — C4o — H4yC 


1 nn c 

iuy.j 


U/1QA P/1 0 TJ/1QP 

H4 y A — C 4 0 — H4 y c 


1 no c 

iuy.j 


Tj/ino P/io u/inp 
H4yh> — C4o — H4yC 


1 nn c 

iuy.j 


P/i 0 p/i n pen 
C4 / — C4y — C jU 


1 OO A /'OA 

1ZZ.4 (Z j 


p/io P/in 1 1 zi\ a 
C4 / — C4y — HDUA 


1100 
llo.o 


pc a p/in ucn a 

Cju — C4y — hdua 


1100 

llo.o 


p/in pen p/ii 
C4y — CjU — C43 


1 on 1 /o\ 
IzU.l yl) 


p /i n pen c 1 
C4y — CjU — C j 1 


110c /o\ 
llO.J (Z) 


p/ii pen p c 1 
C43 — CjU — C J 1 


101 11 /"m\ 
lzl.33 (iy) 


PSfl PS1 HS7A 
v j u — v J 1 — rr jz,rt 


1 HQ S 

1 U7.J 


C50 — C51 — H52B 


109.5 


H52A — C5 1 — H52B 


109.5 


C50 — C51 — H52C 


109.5 


H52A — C51 — H52C 


109.5 


H52B — C51 — H52C 


109.5 


Pin PIO POC PO£ 

c 1 y — c 1 0 — cz j — czo 


1 on n /o\ 
— 1 /y.U {I) 


D 1 PIO POC PO 

r> 1 — C 1 0 — Cz j — Cz 0 


1 O 

1.8 (3) 


P/1 XT1 POO POO 

C4 — JN 1 — Cz / — Czo 


1 c 0 /o\ 
— /O. / <z) 


PI M1 POO POO 

CI — JN 1 — Cz / — Czo 


AC C 0\ 

4o.o (z) 


XT1 POO POO PI 1 

JN 1 — Cz / — Czo — C33 


1 0 nn / 1 o\ 

loo.uy (1 /) 


xti poo poo nn 

JN 1 — Cz / — Czo — czy 


n 0 /o\ 

-9.7 (3) 


p -3 -3 poo pon pm 
C33 — Czo — Czy — C3U 


— 3.J (3) 


poo poo pon pm 
Cz / — Czo — Czy — C3U 


1 O/l 1 c / 1 o\ 

1 /4.3j (1 /) 


pi 1 poo pon xto 
C33 — Czo — Czy — JN Z 


1 o/i 1 n f \ c\ 
1 /4.1U (lo) 


poo poo pon xto 

Cz / — Czo — czy — JNZ 


0 n /o\ 

-8.0 (3) 


pi xto pon pm 
CI — JNZ — Czy — C3U 


104.55 (1 /) 


po xto po n pin 

C2 — N2 — C29 — C30 


-74.0 (2) 


CI— N2— C29— C28 


-13.1 (2) 


C2— N2— C29— C28 


108.4 (2) 


C28— C29— C30— C31 


2.1 (3) 


N2— C29— C30— C31 


-175.63 (17) 


C29— C30— C31— C32 


1.1 (3) 



sup-10 



supplementary materials 



\ri p a pc p/; 

JN 1 — C4 — C5 — C6 


1 70 in /I 7\ 

—1 /z.iy (1 /) 


p^i pc p/; pt 
C4 — C5 — Co — C / 


A 1 /1\ 

0.1 (3) 


pc p/: pt pq 
C5 — Co — C / — Co 


1 a ci \ 

-3.9 (3) 


pc p/: pt D1 
CD — Co — C / — B 1 


1 77 1 c n o\ 
1 /Z.3j (lo) 


pn t> 1 pt pq 
CV — is 1 — C / — C8 


1 C C 1C / 1 7\ 

loo. 3d (1 /) 


no rji pt po 

C 1 0 — is 1 — C / — Co 


117 (1\ 

-11.2 (3) 


pq T3 1 pt p^ 
CV — rs 1 — C / — Co 


-9.6 (3) 


nio r> 1 pt p/; 
C 1 0 — rs 1 — C / — Co 


1 77 (\ ~l\ 
1 /Z.OJ (1 I) 


f^A pt pq pt 
C4 C3 — Co — C / 


2.0 (3) 


pt pt po pt 
C2 — C3 — Co — C / 


1 7C ( 1 0\ 

— 1 /J.OZ {Id) 


p/: pt po pt 
Co — C / — Co — C3 


2.8 (3) 


01 pt po pt 
isl — C / — Co — CI 


1 71 Af\ /1 7\ 
— 1 /3.4U (1 /) 


pt d 1 pn nn 

c/ — rsi — cy — CIO 


11 I.J (Z) 


cio — tsi — cy — C1U 


-o4.y (3) 


pt 0 1 pn p 1 /: 
C/ — rsi — Cy — C16 


£1 7 /"3\ 

-o3.Z (3) 


Clo — rsi — Cy — Clo 


11/1 1 

114.3 (Z) 


c 1 0 — cy — c 1 0 — c 1 2 


1 1 fi\ 
-1.3 (3) 


r> 1 pn pin 

rs 1 — Cy — C 1 U — C 1 2 


1 /O.UU (lo) 


pi /: po pin P11 

c 1 0 — cy — c 1 u — c 1 1 


1 / /.O / {i-O) 


n] pn pin P11 

rs 1 — cy — c 1 0 — c 1 1 


-2.8 (3) 


pn pin pit pit 
cy — C 1 U — C 1 2 — C 1 3 


-2.6 (3) 


P11 pin pit pit 
CI 1 — CIO — C12 — CI 3 


1 /0.Z0 (ly) 


pin rn pii n c 
C 1 U — C 1 2 — C 1 j — C 1 J 


3.3 (3) 


pin rn pit ru 
CIO — C12 — CI 3 — C14 


—1 /o. /y (ly) 


pit pit p 1 c p 1 /; 
CI 2 — CI 3 — CIS — Clo 


-0.1 (3) 


pi/1 pit p 1 c ru 
C 1 4 — C 1 3 — C 1 5 — C 1 0 


loU.U (Z) 


pit p 1 c p 1 /; pn 

ci 3 — ci j — cio — cy 


-3.7 (3) 


pit p 1 c p 1 /: P1"7 
C13 — CI J — Clo — CI / 


1 "7*7 O 

1 / /.O (ZJ 


pin pn riA n r 
c 1 0 — cy — C 1 0 — C 1 J 


4.3 (3) 


r>i pn pi /; pi c 

rsi — cy — Clo — CI J 


1 7/i 07 (\ e\ 
_ 1 /4.y / (loj 


pin pn ru pit 

c 1 0 — cy — C 1 0 — C 1 / 


1 77 i /">\ 
-1 / / .3 (Z) 


r> 1 pn p 1 /; pit 
isl — Cy — Clo — CI / 


3.4 (3) 


PT r> 1 PIO PTC 

C / — rs 1 — C 1 0 — C25 


-04.Z (3) 


pn t> 1 P10 ptc 
Cy — rs 1 — C 1 0 — C25 


110 1 C"i\ 

11 5.3 (Z) 


pt t> 1 p 1 0 pin 
C / — rs 1 — C 1 0 — c 1 y 


1 lo.o (1) 


pn di pio pin 
cy — rs 1 — C 1 0 — c 1 y 


-oU.y (3) 


PTC pio pin PT 1 

C25 — C 1 0 — C 1 y — C2 1 


0.6 (3) 


T5 1 P 1 Q P 1 Q PT 1 

isl — Clo — Ciy — C21 


1 7Q 77 (\ Q\\ 

1 /y. / / (iyj 


ptc pio pin PTn 
C25 — C 1 0 — C 1 y — C20 


1 70 1 

1 /0.3 \l) 


r>i pio pin PTn 
rs 1 — C 1 0 — C 1 y — C20 


-2.5 (3) 


pio pin PT 1 pt T 
Clo — Ciy — C21 — C22 


-2.0 (3) 


PTn pin pt 1 ptt 
C20 — C 1 y — C2 1 — C22 


1 7A A 0\ 

—1 /y.y (Z) 


Pin PT 1 PTT PT/1 

C 1 y — C2 1 — C22 — C24 


1 A //l \ 

1.0 (4) 


Pin PT 1 PTT PTT 

C 1 y — C2 1 — C22 — C2 j 


1 *7A T /1\ 

179.3 (2) 


C21— C22— C24— C25 


1.5 (3) 


C23— C22— C24— C25 


-176.7 (2) 


C22— C24— C25— C18 


-3.0 (3) 


C22— C24— C25— C26 


177.8 (2) 


C19— C18— C25— C24 


1.8(3) 



C3U — C3 1 — C3Z — C33 


7 7 /1\ 

-2.7 (3) 


non D7 
C3U — C31 — C3Z — BZ 


1 7C 17 n o\ 
1 /D.3Z (lo) 


C43 — d Z — C 3 Z — C3 3 


171 1 A /1T\ 
1 /1. 14 (1 /) 


C34 — B Z — C 3 Z — C3 3 


/; n /i\ 

-6.9 (3) 


C43 — BZ — C3Z — C3 1 


/; 0 /i\ 
—O.o (3) 


C34 — BZ — C3Z — C3 1 


1 7C in /I 7\ 

1 /D.ly (1 /) 


/"in pio pti / • -v 
Czy — Czo — C33 — C3Z 


7 n /i\ 

2.0 (3) 


Cz / — CZ5 — C33 — C3Z 


1 7C on /1 o\ 
-1 /j.Qy (lo) 


pi 1 pio pii pto 

C31 — C3Z — C33 — CZo 


1 1 

1.1 (3) 


D7 PT) PII PTO 

B Z — C 3 Z — C 3 3 — CZ 0 


1 7/; o/; /'i 7\ 
—1 /O.yo (1 1) 


C3Z — BZ — C34 — C3 j 


~b 1.1 (Z ) 


P A 1 T37 PI /I PTC 

C43 — B Z — C 3 4 — C 3 D 


1 1 A O /7\ 
1 14.5 (Z) 


P17 T57 PI A p /] A 

C3 z — B Z — C 3 4 — C 4 U 


1 nn /i /7\ 
lUy.4 {I) 


p A 1 07 PI /I p /I A 

C43 — B Z — C 3 4 — C 4 U 


£.Q £. /7\ 
-06.0 (Z) 


P/1A PI/1 PIC pq /: 

C4U — C34 — C3!) — C3o 


1 O /1\ 

1.8 (3) 


137 PI A PIC PT/' 

BZ — C34 — C3D — C3o 


1 70 /ii ( 1 n\ 

1 /0.43 (iy) 


P/1A PI/1 PIC P/17 

C 4U — C 34 — C 3 j — C4Z 


1 77 n /7\ 

—1 / /.y (Z) 


157 PI/1 PIC P/17 

BZ — C34 — C3 j — C4Z 


1 1 /1\ 

-1.3 (3) 


PI/1 PIC pi *r pn 

C34 — C3D — C3o — C3 / 


1 1 /1\ 

-3.3 (3) 


P/17 PQC pT/T P17 

C4Z — C3D — C3o — C3 / 


1 7/; /i /7\ 
1 /0.4 (Z) 


/ • "j pi/r P17 p i Q 

U3 j — C3o — C3 / — Loy 


7 1 /'lA 

2.3 (3) 


PIC PI/' P17 PIO 

C3D — C3o — C3 / — C3o 


1 nc z /7\ 
— 1 /O.J (Z) 


r - pn pig p/i a 
C3o — C3 / — C3y — C4U 


A 7 

0.2 (3) 


PIO P17 pin p /] A 

C3o — C3 / — C3y — C4U 


1 7n n /7\ 

1 /y.u (Z) 


pit pin p /i a pi/i 
C3 / — C3y — C4U — C34 


-1.6 (3) 


P17 pin P/lA P/11 

C3 / — C3V — C4U — C41 


1 70 O /7\ 
—1 /O.O (Z) 


Pic Pi/1 P/iA pin 

C3j — C34 — C4U — C3V 


n /; /i\ 
U.O (3) 


D 7 PI A P/IA P7A 

B Z — C 3 4 — C4 U — C 3 y 


1 7/; 17/1 n\ 

—1 /O.lZ (iy) 


pic PI/1 P/IA P/11 

C 3 D — C 3 4 — C4U — C4 1 


1 77 & 0 / 1 n\ 

1 / / .00 (ly) 


T57 pi ,/1 P/IA P/1 1 

B Z — C 3 4 — C 4 U — C4 1 


1 A 

1 .0 (3) 


pi7 07 P/11 pen 
C3 z — B Z — C 4 3 — C j U 


1 7n c o\ 
1ZU.0 \l) 


PI/1 07 P/11 PCA 

C34 — B Z — C4 3 — C j U 


C 1 /I /1 \ 

-ol.4 (3) 


P17 D7 p /] a P/1/1 

C3 z — B Z — C 4 3 — C 4 4 


c 0 1 /1 \ 
jo. 3 (3) 


PI/1 D7 p/11 P/1/1 

C34 — B Z — C 4 3 — C 4 4 


1 1 n /; /7\ 

liy.o y l) 


pen p/11 p/i/i p /i /: 
CjU — C43 — C44 — C4o 


n 7 /i\ 

0.7 (3) 


T57 P/11 p/i/i p/| /T 

B Z — C 4 3 — C4 4 — C4 0 


1 7n /;/;/■ 1 n\ 

1 /y.oo (iyj 


P^A p/11 p/1/1 P/1C 

CjU — C43 — C44 — C4j 


1 77 Q /7\ 

1 / / .y (z j 


T57 P/11 P/1/1 p/1 c 

B Z — C4 3 — C 4 4 — C 4 j 


1 1 /"JA 

-3.1 (3) 


P/11 P/1/1 p /i /: p/i*7 

C43 — C44 — C4o — C4 / 


7 1 /1\ 

-2.1 (3) 


p/ic P/i/i P/i/; P/17 
C4D — C44 — C4o — C4 / 


1 7 A A /7\ 
— 1 /y.4 (Z) 


p/i/i P/i£ P/17 P/in 
C44 — C4o — C4 / — C4y 


1 1 

1.1 (3) 


P/i/i P/i/; P/17 p/i 0 
C44 — C4o — C4 / — C4o 


1 7 A 7 /7\ 

—1 /y. / (Z) 


P/i/; P/17 p /in pen 
C4o — C4 / — C4y — C J\J 


1 7 /1\ 

1 .2 (3) 


p /i 0 p /ii P/in pen 

C48 — C47 — C4y — C50 


1 nn n 

-177.9 (2) 


C47— C49— C50— C43 


-2.6 (3) 


C47— C49— C50— C51 


179.6 (2) 


C44 C43 C50 C49 


1.6 (3) 


B2— C43— C50— C49 


-177.44 (19) 


C44 C43 C50 C51 


179.37 (19) 



sup-11 



supplementary materials 



Bl— C18— C25— C24 -177.36 (19) B2— C43— C50— C5 1 0.4(3) 
Hydrogen-bond geometry (A, °) 

Cg7 and Cg8 are the centroids of the C34-C37/C39/C40 and C43/C44/C46/C47/C49/C50 rings, respectively. 

D—H-A D — H H-A D-A D—H-A 

C14— H1C-N2' 0.96 2.64 3.448 (3) 141. 

C15— H15A-Cg7 a 0.93 2.94 3.844 (2) 166. 

C38— H40B-Cg8 m 0.97 3.00 3.751 (3) 136. 
Symmetry codes: (i) x,y+\, z; (ii) -x+ 1 , -y+ 1 , -z; (iii) -x+ 1 , -y, -z+ 1 . 
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